Enhancement of transfection by physical concentration of DNA at the cell surface.
Efficient DNA transfection is critical for biological research and new clinical therapies, but the mechanisms responsible for DNA uptake are unknown. Current nonviral transfection methods, empirically designed to maximize DNA complexation and/or membrane fusion, are amenable to enhancement by a variety of chemicals. These chemicals include particulates, lipids, and polymer complexes that optimize DNA complexation/condensation, membrane fusion, endosomal release, or nuclear targeting, which are the presumed barriers to gene delivery. Most chemical enhancements produce a moderate increase in gene delivery and a limited increase in gene expression. As a result, the efficiency of transfection and level of gene expression after nonviral DNA delivery remain low, suggesting the existence of additional unidentified barriers. Here, we tested the hypothesis that DNA transfection efficiency is limited by a simple physical barrier: low DNA concentration at the cell surface. We used dense silica nanoparticles to concentrate DNA-vector (i.e. DNA-transfection reagent) complexes at the surface of cell monolayers; manipulations that increased complex concentration at the cell surface enhanced transfection efficiency by up to 8.5-fold over the best commercially available transfection reagents. We predict that manipulations aimed at optimizing DNA complexation or membrane fusion have a fundamental physical limit; new methods designed to increase transfection efficiency must increase DNA concentration at the target cell surface without adding to the toxicity.